Intramoleeular Diels-Alder reactions with a urea tether afford adducts in good yields, yet the analogous carbamates fail to cyclize This article is available at Iowa State University Digital Repository: http://lib.dr.iastate.edu/chem_pubs/642 J. Org. Chem. 1989,54, 2425-2428 2425 126.2, 124.4, 124.3 (C aromat + CF,), 91 and 89.3 (C1 + Ci), 78.3 and 76.8 (C benz + C' benz), 74.5 and 74 (C benz + C' benz), 43.5, 43.2, 41.9, (E$)-2,l-Nonadienal iron tricarbonyl complex" (10): 'H NMR (C,D,) 4 7. 8-6.8 (m, 8 H, H aromat), 4.7 and 4.55 (2 m, 2 H, C4-H and C3-H), 3.6-3.05 (m, 3 H, C1-H + C-H benz), 2.5,2.4, 2,l.g (4 s, 6 H, N-CH, + N'-CH3), 1.6-0.7 (m, 11 H, C4H9 + C5-H and C,-H); 13C NMR (CDC13) 6 210 (FeCO,), 140.5, 131.6, 131.2, 131, 128.8, 128.5, 124.9, 124.5 (C aromat + CF,), 88.1, 87, 86.2, 84.1, 82.2, 82 (C1 + C3 + C4), 78.6 (C benz), 76.5 (C benz), 65.8 and 65.7-62.6 (C, + C5), 40, 39.3, 37.4, 34.4, 34.3, 34.2, 33.9, 22.4, Methyl 6-0xo-(E,E)-2,4-hexadienoate iron tricarbonyl complex" (11): 'H NMR (C6D,4 6 7.9-6.8 (m, 8 H, H aromat), N'-CH3), 17.2, 15.3 ((23). 13.9 (N-CH3 + C4H9). 74 and 73.9 (C4 + C4), (N'-CHs), 34.5, 31.5, 24.9, 22.5, 13.9 (C5Hli). 8, 140, 131.8, 131.4, 131.3, 128.8, 128.4, 125, 124.9, 124.8, 124.7, 124.6, 124.5 (C aromat + CF,), 110 (C4), 85.3 (CJ, 78.7-76.9 (C benz), 75.1 (C,), 66.6 (CJ, 42.5-34 (N-CH,), 26.6-25 (C5 and CS).
.3 (C aromat + CF,), 91 and 89.3 (C1 + Ci), 78.3 and 76.8 (C benz + C' benz), 74.5 and 74 (C benz + C' benz), 43.5, 43.2, 41.9, (E$)-2,l-Nonadienal iron tricarbonyl complex" (10): 'H NMR (C,D,) 4 7. 8-6.8 (m, 8 H, H aromat) , 4.7 and 4.55 (2 m, 2 H, C4-H and C3-H), 3.6-3.05 (m, 3 H, C1-H + C-H benz), 2.5,2.4, 2,l.g (4 s, 6 H, N-CH, + N'-CH3), 1.6-0.7 (m, 11 H, C4H9 + C5-H and C,-H); 13C NMR (CDC13) 6 210 (FeCO, ), 140.5, 131.6, 131.2, 131, 128.8, 128.5, 124.9, 124 .5 (C aromat + CF,), 88. 1, 87, 86.2, 84.1, 82.2, 82 (C1 + C3 + C4), 78.6 (C benz), 76.5 (C benz), 65.8 and 65.7-62.6 (C, + C5), 40, 39.3, 37.4, 34.4, 34.3, 34.2, 33.9, 22 .4, Methyl 6-0xo-(E,E)-2,4-hexadienoate iron tricarbonyl complex" (11): 'H NMR (C6D,4 6 7. 9-6.8 (m, 8 H, H aromat) , N'-CH3), 17.2, 15.3 ((23). 13.9 (N-CH3 + C4H9).
5.7 (dd, 54-5 = 8.7 Hz, 54-3 = 5.2 Hz, 0.5 H, C4-H), 5.6 (dd, = 8.7 Hz, 54-3 = 5.2 Hz, 0.5 H, C4-H), 4.7 (dd, 53-2 = 8.7 Hz, 5% = 5.2 Hz, 0.5 H, CB-H), 4.5 (dd, 53-2 = 8.7 Hz, 53-4 = 5.2 Hz, 0.5 1.5 H, N-CH,), 2.22 (s, 1.5 H, N-CHS), 1.98 (1, 1.5 H, N-CH,), 1.8 H, C3-H), 3.65-3.05 (m, 6 H, C1-H, COzCH3, C-H benz), 2.32 (s, (s, 1.5 H, N-CH,), 1.3-0.9 (m, 2 H, C2-H and C5-H); 13C NMR (CDCI,) 6 210 (FeC03), 172 (CO), 140.7, 140.2, 140.1, 131.9, 131.5, 131.2, 131, 129.1, 129, 124.8 (C aromat + CF3), 87.2, 87, 85.5, 84.5, 83 .3 (C, + C3 and C4), 79-78.8 (C benz + C' benz), 75.9-74.8 (C benz + C' benz), 65 and 61.7 (C5), 51.9 (OCH3), 47.4 and 46.6 (C2 4-Acetoxy-2(E)-nonena18 (12) (N'-CHs), 34.5, 31.5, 24.9, 22.5, 13.9 (C5Hli 8, 140, 131.8, 131.4, 131.3, 128.8, 128.4, 125, 124.9, 124.8, 124.7, 124.6, 124 .5 (C aromat + CF,), 110 (C4), 85.3 (CJ, .9 (C benz), 75.1 (C,), 66.6 (CJ, 42.5-34 (N-CH,), 26.6-25 (C5 and CS).
The intramolecular Diels-Alder reaction has become a powerful tool for constructing complex natural products.' As its potential continues to be probed, researchers have become increasingly aware that the atomic makeup of the tether can significantly affect the success of the reaction. In a classic set of experiments Boeckman and co-workers reported that while the ether 1 (X = H, H) cyclized to form 2, the corresponding ester 1 (X = 0) could not be induced to cyclize.2 Babayan discovered that the ammonium salt 3 cyclized at 100 OC, whereas the tertiary amine 4 did not cyclize3 (Scheme I). Many functional groups have been empolyed as part of the tether. Herein we report the first use of the urea moiety as part of a tether.
In connection with our studies on the intramolecular Diels-Alder reactions of indoles: we required a tether that was sturdy enough to withstand thermolysis, oxidation, and mild reduction conditions and also amenable to selective cleavage at a later stage in the synthesis. The carbamate 5 was initially examined. Carbamate 5 was prepared in 50% yield by treating the sodium salt of indole-3-carboxaldehyde (6) with carbon dioxide gas followed by sodium salt of indole-3-carboxaldehyde with phenyl isocyanate and then alkylating the resulting urea anion with bromide 7. Fortunately, urea 8 cyclized to 9 in 93 ?% yield at 240 "C. The product was a mixture of isomers in a 6:l ratio. The major isomer was highly crystalline. Its structure was determined to be the exo isomer by X-ray crystallography (Figure 1 ). Several other ureas were then examined. The results are depicted in Table 11 . It is clear from the table that while an activating group on the indole is not required, it certainly accelerates the cyclization. Surprisingly, the indole bearing the propenoic acid moiety (entry 4) does not afford an adduct. This may be due to unfavorable nonbonded interactions as the transition state for cyclization develops. The sulfoxide (entry 2) afforded a mixture of the dihydro product and some completely aromatized product. In this case 1 equiv of trimethyl phosphite had to be present during the thermolysis in order to destroy the phenylsulfenic acid which was produced by sulfoxide elimination. Oxidation with DDQ in Table I1 is shown in Chart I.
Scheme I
The reactions described above demonstrate the utility of the urea connection. T h e ease by which diene and dienophile units can be linked together plus the stability of the tether to relatively high reaction temperatures make the urea tether worth considering for additional applications.
Experimental Section
Unless otherwise noted, materials were obtained from commercial suppliers and were used without purification. H:EA refers to hexanes:ethyl acetate solvent mixtures for TLC and chromatography. The purity of all title compounds was determined to be 290% by 'H NMR and/or elemental analysis.
General Procedure for the Reaction of Indoles, Isocyanates, and Dienes. To a suspension of hexanes-washed NaH (1.1 equiv in dry DMF (5 mL/mmol of indole) at 0 O C was added the requisite indole (1 equiv, 1 M in DMF). The reaction was stirred at 0 O C for 15 min. The isocyanate (1.1 equiv) was added, and the reaction was stirred at 0 "C for 15 min. The diene9 (1.1 equiv) was then added and the reaction was stirred for 2 additional h. The reaction was diluted with ether and washed with brine. The organic layer was dried and concentrated. The crude product was then chromatographed by silica gel flash chromatography using 3:l to 3:2 HEA. All reactions were run on 2-4-mmol scales. N-(2,4-Hexadienyl)-N-phenyl-l-(3-formylindolyl)urea (8): tan oil, 80% yield; 300-MHz NMR (CDC13) 6 1.73 (d, J = 7 Hz, 3 H), 4.54 (d, J = 6 Hz, 2 H), 5.63-5.82 (m, 2 H), 5.94-6.28 (m, 2 H), 7.00-7.10 (m, 2 H), 7. 13-7.42 (m, 6 H), 7.97 (d, J = 8 Hz, 1662 13-7.42 (m, 6 H), 7.97 (d, J = 8 Hz, ,1387 13-7.42 (m, 6 H), 7.97 (d, J = 8 Hz, ,1375 MS m/e 81,119,145,167,180,315,344 97-6.25 (m, 2 H) 6.93-7.02 (m, 1 H), 7.08-7.48 (m, 13 H), 1490 ,1445 MS m/e 81,119,193,225,241,261,315,370,424, 440 They showed that ClCOZNMe, had a lower barrier of rotation than EtCONMe2. Our arguments parallel the arguments set forth in this paper.
(8) The X-ray structure of adduct 9 may be found in Figure 1 . (9 -6-oxo-2,4-hexadieny1)-N-phenyl-1-( 3-formylindoly1) 119,167,180,194,299,373,402; HRMS calcd 402.15796, measured 402.15766 . M solution of urea in dry degassed toluene was heated in a sealed glass tube at the temperature specified in Table I1 for the time specified in Table II . The reaction was allowed to cool to ambient temperature and purified by silica gel flash chromatography using 1:l to 5:l H:EA. Isomers were separated by chromatography. Main isomer spectral data are given. All reactions were run on a 2-3-mmol scale.
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